ABSTRACT WEIMBERG, RALPH (Northern Regional Research Laboratory, Peoria, Ill.), AND WILLIAM L. ORTON. Synthesis and breakdown of the polyphosphate fraction and acid phosphomonoesterase of Saccharomyces mellis and their locations in the cell. J. Bacteriol. 89:740-747. 1965.-The conditions for accumulation of polyphosphate in cells of Saccharomyces mellis differ in several respects from those for acid phosphomonoesterase biosynthesis and maintenance. Polyphosphate can be synthesized or degraded in vivo by resting cells, provided an energy source is present. Experiments with growing cells indicate that the enzyme systems involved in the metabolism of the polyphosphate fraction are constitutive, since cells respond immediately to changes in the level of inorganic phosphate in the external medium. There is no change in the acid phosphatase level in either resting cells or in cells in the lag phase of growth. Enzyme formation or breakdown occurs only in cells that are exponentially dividing. Enzyme is lost rapidly from derepressed cells when they are transferred to a phosphate-rich medium, falling to a very low value by the time the cell mass had doubled. Protoplasts of repressed cells were prepared to determine the location of ortho-and polyphosphates in the cell. Previous studies have shown that phosphomonoesterase is released as a soluble enzyme when derepressed cells become protoplasts. Unlike phosphomonoesterase in derepressed cells, the two phosphate fractions in repressed cells are still attached to the protoplast after the cell wall has been digested and are eluted only when the protoplast structure is lysed in cold water. However, it is also possible to extract a part of the two phosphate fractions from intact cells in the absence of snail gut extract by osmotic shock if the cells are first suspended in a solution of high salt concentration. This treatment with salt does not affect viability. These results do not permit a definite conclusion concerning the location of ortho-and polyphosphates in the cell, other than that they are associated with the protoplast and thus occupy a position different from that of the phosphomonoesterase.
Saccharomyces meliis (Weimberg and Orton, 1963) , in which inorganic phosphate acts as the controlling agent. Another cell constituent, whose level in the cell is apparently influenced by the available phosphate supply, is the polyphosphate fraction [see Ehrenberg (1961) and Liss and Langen (1962) for bibliography]. However, the described conditions for phosphatase synthesis are the inverse of those needed to maintain the polyphosphates. For instance, under conditions of phosphate starvation, acid phosphatase is formed, and polyphosphate is rapidly depleted. Conversely, yeast cells grown in the presence of excess inorganic phosphate contain large amounts of phosphate stored in the polyphosphate fraction, but lack the enzyme phosphatase. In a continuing study of the physiology of S. mellis, the location and the conditions for synthesis and breakdown of the polyphosphate fraction and of the enzyme, phosphomonoesterase, were determined and the results examined to ascertain the relationship, if any, between these two constituents. 740 PHOSPHATASE AND POLYPHOSPHATE OF S. MELLIS 
MIATERIALS AND METHODS
To obtain derepressed cells, S. mellis NRRL Y-1053 was grown in the medium previously described (Weimberg and Orton, 1963) (pH 5.5) , and water in a final volume of 0.6 ml. Inorganic phosphate was assayed by the method of Taussky and Shorr (1953) .
Cellular orthophosphate and polyphosphates were obtained in two fractions. All the orthophosphate of the cell and a major portion of the polyphosphates were present in the hot water extractable fraction. This fraction was obtained by placing a 10% aqueous suspension of cells in a boiling-water bath for 10 min, cooling, and then removing the insoluble residue by centrifugation. The remaining polyphosphates present in the residue were extracted by suspending the boiled cells in an equal volume of 0.2 N NaOH at room temperature. After 30 min, the suspension was again centrifuged and the pellet discarded. This procedure was found to be more convenient and reproducible than previously described methods of treating yeast cells first with 10% trichloroacetic acid and then with alkali (Katchman and Fetty, 1955; Langen and Liss, 1958 (Ehrenberg, 1961; Liss and Langen, 1962; Rautanen and Mikkulainen, 1951; Windisch, Hinkelmann, and Stierland, 1955 been undertaken with S. mellis, and, at the same time, the amount of phosphomonoesterase in these cells has been determined.
As shown previously in extracts (Weimberg and Orton, 1963) and in intact cells (Weimberg and Orton, 1964) (Liss and Langen, 1963; Windisch et al., 1955; Wiame, 1947 Wiame, , 1949 . After a maximal concentration of polyphosphate is reached during early log phase, the amount of this fraction in the cell slowly drops to its steady-state level, which will vary from 30 to 60 ,umoles of phosphate per g of cell (not shown in Fig. 1 (Weimberg and Orton, 1964) . Repressed cells may be converted into protoplasts in the same manner as derepressed cells. As shown in Fig. 3 yeast extract + 0.1% urea * S. mellis was grown aerobically at 28 C in either 400 ml of basic medium (which is phosphate-free) or in 300 ml of basic medium to which phosphate had been added. After 36 hr, cells were aseptically harvested and resuspended in 100 ml of sterile water. Washed cells (5 ml) were inoculated into two flasks of 200 ml each of the indicated reaction mixtures. These flasks were then incubated aerobically at 30 C for 6 hr, in the case of cells grown in phosphate-free media, or for 12 hr for cells grown in phosphaterich medium. At the end of this time, the cells were harvested, weighed, resuspended in water at a concentration of 0.2 g/ml, and assayed for orthophosphate and polyphosphate within cells and for acid phosphomonoesterase activity. For assay of enzyme activity, 0.2 ml of washed cells was used.
natant fluid of the reaction mixture contain polyphosphate. Orthophosphate content increased slightly. The phosphate fractions were associated with protoplasts and remained associated as long as the protoplasts were suspended in 2 to 3 M KCl (Fig. 3, curve II) . Upon being resuspended in cold water, the protoplasts lysed and released these fractions from the particu]ate structure (Fig. 3, curve III) . By the time all the cells had been converted into protoplasts (about 6 hr under the conditions described in Fig. 3 ), all of these two phosphate fractions were extractable with cold water. There was none of this material remaining in the residue of the lysed protoplasts that could be extracted with boiling water or alkali (Fig. 3, curves V and VI) . Curiously, the supernatants of protoplasts lysed with cold water contained more inorganic phosphate and less polyphosphate than that present initially in the intact cells. The source of the "excess" inorganic phosphate is unknown, though it could originate from the polyphosphate fraction because of hydrolysis during protoplast formation. However, it should be noted that there is more inorganic phosphate present than can be accounted for in this manner.
From these results, it might be concluded that the phosphate fractions are intracellular constituents of the cell. However, in the first 2 hr of incubation of S. mellis with snail gut extract under the conditions listed in Fig. 3 Elution of cellular ortho-and polyphosphate from intact and osmotically fragile cells of Saccharomyces mellis. S. mellis was grown for 24 hr in basic media containing, initially, 0.01 M phosphate (pH 6.8). The cells were harvested, washed, and resuspended in water at a concentration of 0.5 g (wet weight) of cells per milliliter. A mixture of 2.0 ml of cells, 0.6 ml of 1.0 M acetate (pH 6.5), 0.25 ml of 0.2 M ,-mercaptoethanol, 0.15 ml of snail juice, 6.0 ml of 5 M KC1, and 1.0 ml of water was incubated at 30 C. At intervals, 1.0 ml of cells was removed and diluted with 1.0 ml of M KC1, centrifuged, washed in 2.0 ml of 3 M KC1, washed again in 2.0 ml of water to lyse any osmotically fragile cells, then washed a third time in another 2.0 ml of water, and finally suspended in 2.0 ml of water. These cells were then placed in a boiling-water bath for 10 min, cooled, and centrifuged; the in. soluble residue was suspended in 2.0 ml of 0.2 v NaOH for 30 min at room temperature, centrifuged again, and the pellet discarded. Supernatant fluids from all washings were assayed for inorganic phosphate and polyphosphate. Curve I, reaction mixture; II, salt washing; III, first water washing; IV, second water washing; V, supernatant fluid from boiled cells; VI, alkali supernatant fluid. (Ehrenberg, 1961; Liss and Langen, 1962; Wiame, 1947) These observations, that the conditions for synthesis and maintenance of cellular polyphosphate and for acid phosphomonoesterase differ, and that the levels of these two constituents can vary independently of one another, lead one to conclude that there is no direct relationship between them other than that they respond to a common stimulus. Furthermore, even their locations in the cell differ. It has previously been shown that the phosphatase of S. metlis, like acid phosphomonoesterases of other yeasts, is exocellularly located (Weimberg and Orton, 1964) . In contrast, ortho-and polyphosphates remain associated with the protoplast when the cell wall is digested. These two fractions are released when protoplasts are lysed in cold water, indicating an intracellular location. However, it also is possible to elute a portion of the phosphate fractions from intact cells under certain conditions unrelated to protoplast formation. If resting cells are first treated with a concentrated solution of KCI, a significant amount of the ortho-and polyphosphates of the cell can be extracted with cold water. The action of the salt seems restricted to the external surface of the resting cells, since the treatment is not harmful with respect to viability, nor is any material that absorbs at 260 m, extracted. Not all of the cellular ortho-and polyphosphates may be eluted in this manner. Some of each remain associated with the cell and is released only by extraction in hot water and alkali. In some respects, these findings are analogous to the demonstration of "expandable" and "internal" amino acid pools in Candida utilis and Saccharomyces cerevisiae (Cowie and McClure, 1959; Halvorson and Cowie, 1961) . Since the concentration of KCl that alters the attachment of the phosphate fractions to intact cells is approximately the same as that required for stabilizing protoplast structure, it is not clear whether release of the phosphate fractions from lysed protoplasts is due to the rupture of the protoplast membrane releasing the intracellular contents or to an alteration of the protoplast surface by the salt.
